analysis suggests this species is closely related to Judomia tera Lazarenko, 1960 from Siberia. This phylogenetic relationship provides further support for the hypothesis that a close biogeographic relationship existed between Laurentia and Siberia during the Cambrian.
Introduction
Cambrian trilobites have served as foci for several phylogenetic studies (e.g., Cotton 2001; Lieberman 2002; Paterson & Edgecombe 2006) . Among Cambrian trilobites, the Olenellina Walcott, 1890, is a diverse and widely distributed suborder of trilobites from the Early Cambrian. Further, these have provided important data used in various evolutionary and biogeographic studies of the Cambrian radiation (e.g., Fortey et al. 1996; Smith & Lieberman; Lieberman 2003; Meert & Lieberman 2004) . Phylogenetic studies suggest olenellines are a basal suborder within Trilobita (see Lieberman & Karim 2010 for a recent discussion of phylogenetic studies of trilobites). In particular, Lieberman (1998) reassessed the group, making it monophyletic, by removing the superfamily "Fallotaspidoidea" (quotation marks denoting paraphyly after Wiley 1979) , and a phylogenetic analysis of the suborder was conducted by Lieberman (2001) .
Olenelline trilobites are known from several localities in the Sekwi Formation, Mackenzie Mountains, Northwest Territories, Canada ( Fig. 1, 2 ). The Sekwi Formation is between 715 and 770 m thick in the Mackenzie Mountains, and can be constrained to the late Early Cambrian, Cambrian series 2, stages 3 and 4 (Fritz 1972; Randell et al. 2005; Dilliard et al. 2007 Dilliard et al. , 2010 . The formation consists of interbedded carbonate, shale, and sandstone, comprising mainly weathered limestone and dolostone (Dilliard et al. 2007 (Dilliard et al. , 2010 and was deposited during the Fallotaspis, Nevadella, and Bonnia-Olenellus trilobite zones. Recent collections recovered three new species of Bradyfallotaspis Fritz, 1972 , and one new species of Nevadia Walcott, 1910 . Additional material tentatively referred to ?Nevadia ovalis, McMenamin, 1987 , previously known only from Mexico, was also recovered. Finally, Judomia absita Fritz, 1973 , which Fritz (1973 treated as closely similar to J. tera Lazarenko, 1960 , a Siberian platform trilobite, was also found.
The phylogenetic affinities of this species have been debated. For instance, Palmer & Repina (1993) informally suggested J. absita belonged to Paranevadella Palmer & Repina, 1993 . To resolve the position of this taxon, a phylogenetic analysis, based on Lieberman's (2001) earlier analysis, was conducted.
Phylogenetic Analysis
Taxa analyzed. A total of 20 taxa within the Olenellina were subjected to phylogenetic analysis; these were chosen to best consider the phylogenetic placement of J. absita. The two outgroups used were Nevadella mountjoyi Fritz, 1992 and N. perfecta (Walcott, 1913) ; these were shown by Lieberman (2001) to be basal to the 18 ingroup taxa.
Characters and character states. Phylogenetic patterns were determined by parsimony analysis of 57 holaspid exoskeletal characters and character states based on Lieberman (2001) . Morphological terminology follows Palmer & Repina (1993) , Whittington et al. (1997), and Lieberman (1998) . Characters are roughly arranged in their manner of appearance from anterior to posteriormost point on the exoskeleton. Autapomorphies are not included. (0) does not always represent the primitive state for the Olenellina as two outgroup taxa were employed in phylogenetic analysis. Character state distributions are given in Table 1. 1) Anterior border near but not directly anterior of frontal lobe (LA): (0) moderately long, length (exsag.) equal to length (sag.) of L0; (1) very short, length (exsag.) less than or equal to one-half length (sag.) of L0; (2) very long, length (exsag.) equal to 1.5 times length (sag.) of L0.
2) Anterior cephalic border developed as: (0) flattened ledge; (1) rounded ridge.
3) Anterior border: (0) prominently separated from extraocular area by furrow; (1) not prominently separated from extraocular area by furrow. Parsimony Analysis. These data were subjected to a heuristic search on PAUP 4.0 beta version (Swofford 1998 ) using a stepwise addition sequence with 100 random replications. All multistate characters were treated as unordered (non-additive) because there were no clear criteria for ordering them. Three most parsimonious trees were recovered of length 198 steps, and a strict consensus of these is shown in Figure 3 . The retention index of the most parsimonious trees is 0.54, and the consistency index (when uninformative characters are excluded) is 0.40.
To assess overall phylogenetic signal within the database, 1,000 random trees were generated from the character data ten separate times using PAUP 4.0. For each iteration, the distribution of these tree lengths was evaluated and the g 1 statistic, a measure of treelength skewness, was obtained. The mean value from these 10 iterations was -0.47. This value differs at the 0.05 level of significance from g 1 values obtained from cladograms generated using random character data, which implies strong phylogenetic signal in these data (Hillis 1991) .
To further assess the quality of the overall phylogenetic signal and the significance of the recovered phylogenetic placement of J. absita with Judomia Lermontova, 1951, as opposed to with Paranevadella, tPTP tests (Faith 1991) were performed using PAUP.
Two tPTP tests were implemented. In the first, all nodes were collapsed except for P. subgroenlandicus and J. absita. A P-value of 0.260 was obtained. The second test was run with all nodes collapsed except for J. absita and J. tera; this resulted in a P-value of 0.026, supporting the hypothesis that J. absita groups with J. tera instead of P.
subgroenlandicus.
Support for each node was determined using a bootstrap analysis in TNT (Goloboff et al. 2008) . 10,000 replications were employed using a standard (sample with replacement) analysis. A jacknife analysis was also performed using TNT (Goloboff et al. 2008 ) that involved 10,000 replicates with 36 percent removal (corresponds to 20 characters) probability (Fig. 3) .
Finally, a Bremer branch support analysis (Bremer 1994) was conducted to examine the support of the different individual nodes of the cladogram. 30 trees of length less than or equal to 199 steps, and 246 trees of length less than or equal to 200 steps were found before the analysis was terminated when a completely polytomous ingroup was recovered (Fig. 3) . The total support index (Bremer 1994) for the tree is at least 0.07. Type species. B. fusa Fritz, 1972. Discussion. The three new species of Bradyfallotaspis presented here are assigned to the genus based on their possession of diagnostic features identified by Fritz (1972) and Lieberman (2001) . These include a cylindrical glabella with high relief and rounded anterior end, elevated ocular lobes that are connected to the glabella via ocular ridges, and genal spines that taper back rapidly. Species presented here have a cephalic width that is relatively wider than that of B. fusa Fritz, 1972 and B. patula Fritz, 1972 Bradyfallotaspis sekwiensis n. sp. (Fig. 6) ?Bradyfallotaspis sp. 3 FRITZ, 1973, p. 11, pl. 6, figs. 25-27 Discussion. Bradyfallotaspis sp. 3 from Fritz (1973) , which is based on early ontogenetic stages, is questionably placed within B. sekwiensis based on its glabella with high relief, wide (sag.) cephalon with a broad (exsag.) anterior cephalic border, and posterior cephalic border that tapers to a point proximally.
Nevadia Walcott, 1910
Type species. N. weeksi Walcott, 1910. Discussion. Nevadia saupeae n. sp. was assigned to Nevadia based on its possession of key diagnostic features including the lack of a macropleural third thoracic segment, the relatively long (as opposed to species of Nevadella) length (sag.) of LA, and the possession of straight S0 and S2 (additional discussion of criteria for assigning species to Discussion. Fritz (1973) figured early ontogenetic stages of cephala he referred to as Nevadia? sp. but it was not possible to determine if these were conspecific with N. saupeae.
?Nevadia ovalis McMenamin, 1987
( Fig. 8) Nevadia ovalis MCMENAMIN, 1987, p. 744, figs. 5.2, 5.5, 5.6, 6.1, 6.3, 6.4, 6.6 . Discussion. These specimens maybe referable to Nevadia ovalis McMenamin 1987 originally described from the Puerto Blanco Formation of Sonora, Mexico. For instance, the material from the Sekwi Formation appears to match that species in possessing the anterior and posterior cephalic borders much wider and extraocular area much narrower than other species of Nevadia, as well as a cephalon that has an ovate shape along its anterolateral margins. However, because neither McMenamin's (1987) original material, nor the new material from the Sekwi Formation, is particularly well preserved, our assignment is considered tentative and questionable, and awaits discovery and identification of new material from each of these localities. The material from the Sekwi appears distinct from the aforementioned early ontogenetic stages of cephala Fritz (1973) referred to as Nevadia? sp., differing principally in the outline and overall geometry of the cephalon.
Most olenellinid species tend to have very limited geographic ranges and are often endemic to narrowly defined areas. One of the rare exceptions is Elliptocephala logani (Walcott 1910) , which straddles both the western and eastern parts of North America (Lieberman 1999) ; therefore, Nevadia ovalis, from southwestern North America, may comprise another such exception, if it is ultimately confirmed to be present in northwestern North America.
Genus Judomia Lermontova, 1951
Judomia absita Fritz, 1973 ( Fig. 9) Judomia? absita FRITZ, 1973, p. 14, pl. 8, figs. 1-11. Material examined. PWNHC-2009 .20.23-2009 Discussion. Nelson (1976 Nelson ( , 1978 (Palmer & Repina 1993) ; thus, these biostratigraphic divisions might be coeval. Based on the higher-level phylogeny presented in Figure 3 , the Laurentian J. absita is sister to the Siberian J. tera. This provides further support for the close biogeographic and tectonic relationship between these two cratons in the late Proterozoic and early Cambrian (see also McKerrow et al. 1992; Pelechaty 1996; Lieberman 1997; and Lieberman 2004, 2008) . 
